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INTRODUCTION
Vapor-liquid equilibrium (VLE) calculation is a basic work for natural gas industries. In cascade liquefaction process, mixing refrigerant liquefaction process and liquefaction with expander, mixing refrigerant is the most widely used of three [1] [2] [3] . In this process, after cooling of the compressed mixture refrigerant enters the gas-liquid separator, the liquid-phase supplies cold energy for heatexchanger, and raw natural gas and gas-phase refrigerant are cooled. During a series of thermodynamic processes, the temperature, pressure and gas-liquid phase distribution of mixture system are changed [4] [5] [6] [7] . It all goes back to the vapor-liquid equilibrium. Then accurately understanding for phase proportion of mixture is the key issue for calculation of thermodynamics properties, and can reveal the liquefaction degree, cooling effectiveness and resource consumption. Hence, phase state and components distribution of mixture is the key of design, operation and optimization of process [8] [9] [10] .
In the liquefied process, the vapor-liquid phase constants can describe the vapor-liquid distribution clearly. Make an understanding and analysis for the impact factors on equilibrium constant is helpful for refrigerant choice and components proportion. In currently, the researches of equilibrium are focused on the equilibrium calculation with EOS methods and improvement of equation [8] [9] [10] [11] [12] . And little research has been done on process optimization from the point of vapor-liquid equilibrium view. Under this background, this paper calculates the phase equilibrium of natural gas with simple components by using cubic equation and analyzes the influence parameters, which provides some reliable basis for designing and optimizing of natural gas liquefaction.
PHASE EQUILIBRIUM CALCULATION
Equation of state is anticipated to become the major way to calculate equilibrium. And cubic equation with two constants are used extensively in the chemistry, petrochemical, and natural gas industries because of their relatively simplicity, convenience and accuracy. Especially modification of the
In equation ( Expressed as a function of compressibility factor:
In equation (2), 
In equation (5), For hydrocarbon-hydrocarbon binary system, the value of the binary interaction coefficient kij is zero [15] .
Liquid-Vapor phase equilibrium constants.
Some relationships [16, 17] exit when liquidvapor equilibrium is arrived.
Mass conservation equation:
Equilibrium constant:
Gasification rate: Figure 1 illustrates the calculation process clearly given a total flow q as 1 mole/s.
Computational procedure

Figure 1. Calculation flow chart for phase equilibrium
This paper writes Visual-Basic statements align with Newton's Method based on the calculation idea above. It can calculate the gas and liquid distribution and their ration. The key steps for gasification rate calculation is shown as follow: e0=0.5 
RESULTS AND DISCUSSION
Vapor-liquid distribution
In mixed-refrigerant cycle, the main components of mixture refrigerant is C1, C2, C3, C4, C5, N2, which is similar in composition to the natural gas after dehydration and deacidification. And the cooling curve (Q-T) of mixedrefrigerant is consistent with curve of natural gas. Hence, equilibrium calculation of mixture refrigerant and raw natural gas can be handled in the same way. Chose raw natural gas with simple components and calculate the vaporliquid distribution at different conditions. Table 1 shows the basic thermodynamic parameters of each components [18] . And Table 2 shows five different thermodynamic conditions. Figure 2 . Also shown in figure 2 are a good agreement between them. The %ADD of vapor fraction was found to be 4.90% and 4.78% by using SRK-EOS and PR-EOS respectively, and the %ADD of liquid fraction are 6.27% and 6.26%, respectively. The SRK and PR EOSs predict the equilibrium constant with an average %ADD of 8.81% and 8.20%, respectively. It is worth considering that the RKS and PR EOSs can predict the equilibrium of LNG mixtures with a high precision and PR-EOS is with smaller error, especially. And the precision is nearly independent of the liquefaction condition in the case of mid & low-pressure. Nevertheless these two equations give a better agreement between calculated VLE and published experimental values [19] . 
Optimization of equilibrium constants
Vapor-liquid phase equilibrium constant (yi/xi) can describe the phase distribution of each components for the liquefaction process clearly. Analysis of equilibrium constant for raw natural gas provides a basis for calculation of enthalpy and entropy in total process, and it is a good response of the liquefaction degree and energy consumption, which helps to real-time control for natural liquefaction. On the other hand, equilibrium calculation of mixture refrigerant can be used to know the cooling efficiency. Knowing from the previous section, in natural gas liquefaction technology, mixture composition, gas pressure and temperature are the main influence parameters on equilibrium. Because of the interaction effects between the three, parameters optimization calculation goes one-by-one assuming two of them are constants. In this section, equilibrium constants are calculated by PR equation of state, which gives a more accurate result than SRK equation. Vapor-liquid equilibrium constant of each components and gas-liquid ration of mixture system are shown as Figure 3 In Figure 3a , equilibrium constant of C1 will decrease with the increasing of C1 component, at the same time, the C4 constant will gradually increase and C2, C3 constant is relatively stable. As Figure 3b shown, vapor-liquid ration increases gradually. The more C1 component, the faster the gas-liquid ration increase since light hydrocarbon liquefaction is more difficult. Hence increasing C1, mixture system with C1-based will be difficult to liquefied. Then in equilibrium liquid phase decreasing lead to the constant increasing. At mid & low-pressure, the boiling point of each component is increasing with the increasing of pressure, which makes gasification more difficult and liquid phase increasing. For instance, equilibrium constant decreased. Given the complexity of propane and butane structures, equilibrium constant of C3 and C4 first decreased, then increased when the pressure is about 1.2MPa and 1.05MPa, respectively. Because C3 and C4 account for a small proportion in mixture, their particularity will not affect the general trend. And vapor-liquid ration of this system will lower when pressure increasing, with an almost linear relationship. Shown as Figure. Temperature shows a rather complicated influence on equilibrium constant, which needs take critical temperature and liquefaction temperature of natural gas into consideration. Natural gas cannot be liquefied when temperature is higher than critical temperature and no vapor is in existence below liquefied temperature. In proper temperature range, the responses of temperature rise on the increase of equilibrium constant are week, as appears in Figure 5 . The boiling point of each components reduced when temperature rises, and gas phase species increased slightly. It caused equilibrium constant of all components increased. Especially near critical temperature, the constant increased sharply and a value zero of liquid ration were arrived. Below 150K, near the liquefaction temperature, vapor mole goes to zero as does equilibrium constant. Vaporliquid ration of mixture has the same trend.
For raw natural gas, the lower the equilibrium constant, the more the liquid mole at liquid-vapor equilibrium state, which means a higher liquefaction degree and resource utilization. It is necessary for LNG project. And for refrigerant, the main component providing cold is liquid after separation, cooling, throttling, reducing pressure and temperature. In liquefaction process, the more the liquid mixtures there is in the refrigerant, the more heat of natural gas can be exchanged. And it means a higher utilization of mixture refrigerant. Hence smaller constant of raw natural gas and refrigerant is needed in liquefaction technology. The rational mixing ration of refrigerant with smaller lighter hydrocarbons, pressure increasing and temperature decreasing in critical and liquefied temperature range help optimization of liquefaction process.
CONCLUSIONS
Phase equilibrium is a basis of calculation of enthalpy and entropy, and it is a clearly reveal of liquefied degree of raw natural gas and cooling efficiency of mixture refrigerant. Using RKS and PR, two constants and cubic equation of state, a relatively accurate vapor-liquid distribution can obtained in the natural gas liquefaction process with mixed refrigerant , which will serve as a basic theories for liquefaction simulation. Comparing the two equation, PR gained more accurate results. According to PR-EOS calculation of impact factors on technology parameters, in mixing refrigerant cycle raw natural gas and mixture refrigerant need to keep a lower vapor-liquid constant. The rational mixing ration with less light hydrocarbons, pressure increasing and temperature decreasing in critical and liquefied temperature range can decrease vapor-liquid ration. It helps to reduce energy consumption, improve cooling efficiency and optimizing liquefaction technology. 
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